Abstract. In this work the eddy resolving data sets of salinity, temperature, and oxygen content aquired in the framework of the German-Russian project MESODYN (MESOscale DYNamics) in the Arkona Basin, the Bornholm Basin, the Stolpe Furrow, and the Eastern Gotland Basin during summer and winter stratification situations are utilized to examine to which extent the observations at the central monitoring stations within these basins are representative for the spatial mean state of the corresponding region with respect to comparative monitoring purposes of the whole Baltic Sea. The investigation covers profiles of salinity, potential temperature, oxygen content, potential density, and squared buoyancy or Brunt-Väisälä frequency. Moreover, some parameters of the halocline, namely its depth, thickness, and upper and lower boundaries, and the first baroclinic Rossby radii are subject to the investigation. The profiles match best for the squared buoyancy or Brunt-Väisälä frequency. The profiles of salinity match best in the Eastern Gotland Basin and worst in the Arkona Basin both for summer and winter stratification situations. The overall agreement for the halocline parameters is good. The baroclinic Rossby radii match their spatial mean values well, if the depth range considered for their calculation is restricted to the mean depth in each region at the bottom side. In doing so they also match the spatial mean values of the first baroclinic Rossby radii calculated considering the whole depth range at each station. Overall, the regional characteristics of the investigated quantities and parameters are represented well by the hydrographic measurements at the central stations in the four regions in spite of some significant differences between the spatial mean states and the observations at the central stations. In particular, the observations at the central stations seem to be usefull for Correspondence to: J. H. Reißmann (jan.reissmann@io-warnemuende.de) comparisons between these regions. However, the observed differences may affect regional investigations covering just a single region.
Introduction
The Baltic Sea is a semienclosed marginal sea, connected to the world ocean by the North Sea (e.g. Rodhe, 1998) . The connection to the North Sea through the Kattegat and the Danish Straits is shallow and narrow resulting in a strongly suppressed water exchange between the Baltic and the North Sea. Moreover, the Baltic Sea itself is distinctly divided in basins and channels seperated by shallow sills. While precipitation and evaporation over the Baltic Sea are of the same order of magnitude on the annual scale, there is a large surplus of fresh water due to the huge drainage area of the Baltic Sea resulting in an outflow of fresh water at the surface. Contributions to the water balance of the Baltic Sea were estimated by HELCOM (1986), Bergström and Carlsson (1994) , Lindau (2002) , Hennemuth et al. (2003) , and Omstedt and Nohr (2004) , for example. A review is given by . The loss of salt due to this outflow is compensated by incidental inflows of saline water from the North Sea. The inflowing water of high salinity and, consequently, high density spreads at the bottom into the western Baltic Sea. Depending on the magnitude of the inflow, the mixing, and regional stratification it adjusts accordingly to its density and follows a sequence of basins and channels into the Baltic proper.
As a consequence of the freshwater surplus in the Baltic Sea there are both a salinity gradient from the brackish waters in the western Baltic Sea to the nearly fresh waters in its northern parts and a strong permanent halocline, particularly in its deeper parts. The permanent halocline vigorously suppresses the vertical exchange of surface and bottom waters. Not even the convection in winter ranges deeper than the halocline. Therefore the bottom water below the halocline in the deep basins is transformed and, in particular, ventilated mainly by horizontal advection due to the inflows. This is the main reason for monitoring programmes such as the Baltic Monitoring Programme (BMP) or the Baltic Year (BY) to follow the inflow path along the sequence of basins and channels. Within these programmes the hydrographic conditions in the different basins are predominantly characterized by profiling measurements at one or a few single stations close to the center of each basin at their deepest locations. Single hydrographic profiles from central locations were also utilized to describe regional characteristics in the Baltic Sea for other purposes than the mentioned monitoring. For example, Matthäus (1986) investigated the regional characteristics of the deep water in three basins of the Baltic Sea during stagnation periods using the time series of profiles resulting from one monitoring station in each considered basin. Kõuts and Omstedt (1993) analysed the deep water exchange and mixing properties in the Baltic proper by means of temperature and salinity profiles measured during the period from 1970 to 1990 at seven stations each representing one basin or pool in the employed approach of modelling the corresponding in-and outflows. Omstedt and Axell (1998) used temperature and salinity profiles from five stations located at central positions in five of 13 sub-basins for the validation of 15-year simulations modelling the Baltic Sea as 13 horizontally averaged sub-basins.
Although there is evidence of fluctuations inside the basins (e.g. Hagen and Feistel, 2004) , all of these exemplified works have the basic assumption in common that single hydrographic profils measured at central stations in certain regions are representative for the regional conditions there. The purpose of this work is to examine to which extent this assumption is valid in four basins of the Baltic Sea utilizing threedimensional data fields of salinity, temperature, and oxygen content. Ideally, each of these data fields should represent the regional characteristics describing the overall condition in the respective area of investigation at a given time. Therefore their spatial coverage should be as high as possible resolving at least all relevant structures causing regional variations such as eddies or inflowing currents of different water masses with horizontal extensions in the order of a few baroclinic Rossby radii. On the other hand the time span for each complete survey should be as short as possible to get a nearly real snapshot of the hydrographic fields at the given time. At least the time span between each two stations should be shorter than the time a baroclinic wave needs to propagate along the distance between the corresponding two stations to minimize aliasing. Obviously, these requirements are contradicting and, consequently, it is impossible to aquire a data field perfectly meeting the needs for an ideal description of the regional characteristics. Balancing the need of a high coverage of the region with as much uniformly distributed stations as possible with the need of a time span for the survey as short as possible the utilized three-dimensional data fields were aquired quasi-synoptically with respect to the meteorological forcing using eddy resolving station grids. The data sets from the four basins, namely the Arkona Basin (AB), the Bornholm Basin (BB), the Stolpe Furrow (SF), and the Eastern Gotland Basin (EGB) are considered seperately for summer and winter stratification situations.
Data basis
The German-Russian project MESODYN (MESOscale DYNamics) was initiated to investigate the spreading and transformation of dense deep water in the Baltic Sea. Therefore hydrographic data fields of salinity, temperature, and oxygen content were aquired using a standard CTD probe during 12 field campaigns in four deep basins of the Baltic Sea. The four basins were the AB, BB, SF, and EGB. The exact regions under investigation are indicated in Fig. 1 . Additionally, their accurate boundaries are given in Table 1 .
For all CTD surveys in each region the same regular station grid was applied. The respective four station grids are presented in Fig. 2 . The horizontal spacing of each CTD survey was 2.5 nm (≈4.6 km) in both zonal and meridional direction. The corresponding resolutions in degrees of latitude and longitude are given in Table 1 . Fennel et al. (1991) calculated baroclinic Rossby radii in the order of magnitude of about 5 km for various regions of the Baltic Sea during different seasons. However, these regions were considerably larger than those investigated here and the hardly justified assumtion of a flat bottom was implied by taking the mean depth in each region as depth limit for the calculation of the baroclinic Rossby radii. Therefore larger baroclinic Rossby radii can be expected for the deeper central parts of these regions covering the areas considered here when the general increase of the baroclinic Rossby radius with increasing depth is taken into account. Accordingly, the most baroclinic eddies observed in the Baltic Sea are reported to have diameters between 10 km and 20 km. With respect to these values the resulting data fields can be assumed as eddy resolving. Vertically the CTD profiles were sampled to 1 dbar corresponding to approximately 1 m. This vertical resolution provides a sufficient reproduction of the vertical gradients in the halocline and thermocline.
The data acquisition times range between 92 h and 173 h for all surveys. On the occurrence of dramatic changes in the meteorological forcing the surveys were terminated. Therefore each survey and resulting data fields can be considered as quasi-synoptic with respect to the synoptic meteorological forcing over the Baltic Sea with a time scale of three to six days. Admittedly, it was not possible to execute all stations of the respective station grid on every campaign because of the weather conditions and the cruise time schedules. Each data set is assigned to a summer or winter situation according to the stratification with or without the thermocline in summer, respectively. An overview over the data aquisition times, the number of executed stations, and the stratification situations of the 12 data sets resulting from the MESODYN field campaigns is given in the Tables 2 to 5 by region.
In conclusion, the MESODYN data fields represent the regional characteristics in the respective areas of investigation at given times with respect to the requirements for this purpose given in Sect. 1.
Methods and results
In Fig. 2 Table 7 for all data sets. Table 6 . Vertical rms and σ parameters derived from the profiles of salinity S, potential temperature T pot , oxygen content o, and potential density pot and the numbers of samples n rms and n σ used for the calculations of the rms and σ , respectively, for all data sets. In this section the profiles and deduced quantities from the central stations are compared with the respective averages over all stations in the corresponding data set to examine to which extent the monitoring stations are representative for the considered regions. The differences are evaluated in terms of the respective standard deviations σ . Subject to comparison are some profiles of measured and derived hydrographic and physical quantities, parameters of the permanent halocline, and the first baroclinic Rossby radii.
Profiles of hydrographic and physical quantities
In a first step the profiles of salinity, potential temperature, and oxygen content are directly compared for one summer and one winter stratification situation for each region. The only exception is the AB for which no data set representing a summer stratification situation is available, see Table 2 . As an example for a winter stratification situation in the AB the data set MD-04 is chosen. For the BB exactly one data set is available for each of both situations, see Table 3 . For the SF exactly one data set is available for a summer stratification situation and data set MD-01 is taken as an example for a winter stratification situation, see Table 4 . For the EGB the data sets MD-11 and MD-08 are chosen to represent a summer and a winter stratification situation, respectively, see Table 5 . The profiles of potential temperature with reference level p ref =0 were calculated by solving the entropy conservation equation according to Feistel (2003) numerically by means of Newton iteration as proposed by Feistel (2005) . The resulting plots are shown in the Figs. 3 to 6 by region. The average profiles over all stations in the corresponding data set, which are assumed to be representative for the hydrographic conditions in the respective region, are chosen as the respective isobaric mean profiles here. Accordingly, the respective isobaric standard deviations are given to evaluate the differences between the profiles at the central stations and the corresponding average profiles. Obviously, the isobaric averaging is not the only choice. It is chosen as the most intuitive one because it keeps the depth co-ordinate given by the profiling CTD measurements. Moreover, the pressure directly corresponds to a spatial depth within the uncertainties of the profiling. On the other hand, the isobaric averageing causes a smoothing of the profiles. However, the definition of the representative profiles is reasonable if the isobaric variations are taken into account. For example, the smoothing of the mean profiles due to varying depths of the halocline in the region, which might be much sharper in each single profile than in the isobaric mean profile, is indicated by large variations in the depth range of the halocline compared to the rest of the profile. In the opposed case of a smooth isobaric mean profile with small variances in the range of the halocline a smooth halocline with nearly the same depth in the 5 . Profiles of salinity, potential temperature, and oxygen content at the central station in comparison with the respective mean profiles accompanied by variation limits of one standard deviation σ and the number of samples with respect to depth for a summer and a winter stratification situation in the SF (MD-06 and MD-01, respectively). Due to technical problems the profile of the oxygen content is missing at one station. Therefore the number of samples has to be reduced by one in the depth range from 4 dbar to 62 dbar for the oxygen content.
whole region would be indicated by isobaric standard deviations in the same order of magnitude over the whole depth range.
The Figs. 3 to 6 give a valuable visual impression of the differences between the profiles at the central station and the respective mean profiles and the isobaric variations within the regions, particularly of their vertical differences. But it is also reasonable to reduce these informations to a few numbers for reasons of clarity and to provide an easy approach for a quantitative comparison of the different data sets. Therefore the vertical root mean squares rms of the deviations of the profiles at the central stations from the corresponding mean profiles were calculated as an intuitive estimate of a standardised isobaric overall deviation between these profiles. For comparison the vertical mean values σ of the isobaric standard deviations were calculated as an intuitive estimate of a standardised isobaric overall variation within the corresponding region. In Table 6 the results for the profiles of salinity S, potential temperature T pot , oxygen content o, and potential density pot are given for all data sets. The profiles of pot with reference level p ref =0 were calculated analogous to that of T pot before. In Table 7 the analogous results for rms and σ of the profiles of squared buoyancy or Brunt-Väisälä frequency N 2 are given for all data sets accompanied by the distances d mon c from the respective central stations to the corresponding monitoring station.
Using the acceleration due to gravity g the profiles of N 2 were calculated according to :
The derivation of pot with respect to the vertical, upward directed coordinate z of the potential density profiles in Eq. (1) at each data point is determined by means of a linear least squares fit to the considered and its two directly neighbouring data points. If one or both of the neighbouring data points of one data point are missing in the profile no derivation is determined for that data point. Therefore the profiles of N 2 consist of at least two data points less than the other profiles because of the upper and the lower end of the profiles. This is also the reason why separate numbers of samples n rms and n σ used for the calculations of the rms and σ , respectively, are given in Table 7 for the calculations concerning N 2 . For the data set MD-10 the numbers n rms and n σ for N 2 differ by more than two from the respective numbers for the other quantities because the profiles aquired during the corresponding field campaign contain a couple of data gaps due to the hard weather conditions at that time. For example, each of the measured profiles at the central station contain 20 data gaps which are evenly distributed over the hole depth range fortunately. The corresponding profile of N 2 at the central station has even more data gaps due to the determination of the derivation of pot . The difference between n rms and n σ for each data set originates from the different pressure levels covered by the profiles at the respective central station and the corresponding profiles of standard deviations.
Parameters of the permanent halocline
Four parameters describing the permanent halocline are derived from the salinity profiles. The four parameters are the depth d of the permanent halocline, its upper and lower boundaries u and l, respectively, and its thickness d=l−u. The depth d is determined by means of the first derivation dS/dz of the salinity S with respect to the vertical, upward directed coordinate z of the salinity profiles. It is defined as d=−z by the location z of the absolute minimum of dS/dz at the local minima of dS/dz. In most cases this location coincides with the location of the absolute minimum of dS/dz. In other cases the absolute minimum of dS/dz is located at the bottom and no local minima of dS/dz exist. These cases are interpreted as situations without any permanent halocline and, according to its definition, no halocline depth d is obtained for the respective profiles. If a halocline depth d was found for a certain salinity profile, it is tried to determine the upper and lower boundary u and l of the halocline by means of the second derivation d 2 S/dz 2 of the salinity S with respect to the vertical coordinate z. Analogous to the halocline depth they are defined as u=−z and l=−z by the locations z of the local maximum and minimum of d 2 S/dz 2 which are the closest to d in upward and downward direction, respectively. The thickness d of the halocline is simply determined to d=l−u, if both boundaries u and l of the halocline could have been determined. The derivations dS/dz and d 2 S/dz 2 were determined from the profiles of S and dS/dz, respectively, in the same way as the derivation of the potential density pot with respect to the vertical coordinate z in the context of Eq. (1) in Sect. 3.1. But the salinity profiles S were linear interpolated before their first derivation dS/dz was determined to avoid large data gaps within the profiles of dS/dz and d 2 S/dz 2 . Moreover, the closest ten neighbouring data points to each data point (five to the top and five to the bottom) were used for the linear fits determining the derivations instead of only the closest two ones to get the derivations somewhat more smooth and less sensitve for small fluctuations in the salinity. This choice is appropriate for the determination of the halocline parameters because in this way the linear fits cover a depth range of the same order of magnitude as the thickness of the permanent halocline leading to reasonable results. A disadvantage of this choise is that for the profile of dS/dz 5 m and for d 2 S/dz 2 even 10 m are lost at the bottom and the top. While in most cases this loss does not matter at the top, sometimes it causes the lower halocline boundary l (and therefore the halocline thickness d) or even the complete halocline, i.e. d, not to be found.
The halocline parameters were determined from the salinity profil at each station and their mean values and respective standard deviations were determined for each data set. Additionally, the halocline parameters resulting from the isobaric mean profil of salinity were determined for each data set. The results for the halocline depth d and its thickness d are given in Table 8 for all data sets, i.e. the mean halocline depth d, the corresponding number of samples n d and the respective standard deviation σ d , the halocline depth d c determined from the salinity profile at the central station, the halocline depth d S determined from the isobaric mean profile of salinity, and the analogous parameters d, n d , σ d , d c , and d S for the halocline thickness d. The analogous results u, n u , σ u , u c , u S for the upper boundary u of the halocline and l, n l , σ l , l c , l S for its lower boundary l are given in Table 9 .
First baroclinic Rossby radii
In general, the first baroclinic Rossby radii are calculated from the profiles of the squared buoyancy or Brunt-Väisälä frequency N 2 by solving the vertical eigenvalue problem for the vertical eigenfunctions F n (z) and the corresponding eigenvalues λ 2 n : Table 9 . The mean upper boundary u of the halocline, the corresponding number of samples n u and the respective standard deviation σ u , the upper boundary u c of the halocline determined from the salinity profile at the central station, the upper boundary u S of the halocline determined from the isobaric mean profile of salinity, and the analogous parameters l, n l , σ l , l c , and l S for the lower boundary l of the halocline for all data sets. with the boundary conditions :
at the surface (z=0) and at the bottom (z=−H ) with the upward directed vertical coordinate z, the depth H of the water column, and the acceleration due to gravity g. In most cases the solutions of the vertical eigenvalue problem have to be found numerically, in particular, this applies for measured profiles of N 2 such as used for this work. For the numerical solution it is common to transform Eq. (2) to:
using the relation:
Moreover, it is convenient to apply the rigid lid boundary condition at the surface because it suppresses the barotropic mode which is of no interest here due to the purpose to estimate the first baroclinic Rossiby radii from the profiles of N 2 . In the rigid lid approximation the boundary conditions for Eq. (5) corresponding to Eqs. (3) and (4) become to:
The first baroclinic Rossby radius r is calculated from the smallest baroclinic eigenvalue λ 2 1 , i.e. the inverse of the largest respective squared phase speed c 2 1 =1/λ 2 1 , according to :
with the inertial frequency or Coriolis parameter f =2 sin(ϕ) calculated from the rotation rate of the earth and the geographical latitude ϕ.
The system of Eqs. (5), (7), and (8) is solved for the measured profiles of N 2 using a finite differences approach which reduces the problem to the determination of the eigenvalues of an ordinary square matrix.
The profiles of N 2 used for the solution of the vertical eigenvalue problem were determined from the profiles of the potential density pot exactly in the same way as before in the context of Eq. (1) in Sect. 3.1. But the profiles of pot were linear interpolated before their first derivation d pot /dz was determined by the linear fits to avoid large data gaps within the profiles of N 2 . Moreover, the resulting profiles of N 2 were constantly extrapolated to the lowest pressure level p=1 dbar at the surface. The depth range considered for the solution of the vertical eigenvalue problem ranges from the additional surface pressure p=0 to the maximum pressure p max in the corresponding profiles representing H in the calculations although no values of N 2 exist for these two pressures. However, the values of N 2 at the bottom and the surface are irrelevant for the calculations due to the boundary conditions according to Eqs. (7) and (8).
The first baroclinic Rossby radius r was calculated from the profil of the squared buoyancy or Brunt-Väisälä frequency N 2 at each station considering the whole covered depth range of all profiles at the same station and its mean value and respective standard deviation was determined for each data set. Additionally, the first baroclinic Rossby radius resulting from the total isobaric mean profil of N 2 was calculated for each data set. The resulting first baroclinic Rossby radius r is very sensitive to the depth H considered for each calculation. Therefore the mean value p max of p max from all profiles in each data set was calculated representing the mean depth H of the region covered by the respective field campaign and another first baroclinic Rossby radius s was defined using the corresponding mean depth H as depth limit for the calculations of the first baroclinic Rossby radii in each data set. Consequently, the same calculations as for the first baroclinic Rossby radius r resulting from the profiles with the corresponding total depth H were done considering only the upper depth range up to H using all profiles with a maximum pressure p max ≥p max . The results for the first baroclinic Rossby radii r and s are given in Table 10 for all data sets, i.e. the mean first baroclinic Rossby radius r, the corresponding number of samples n r and the respective standard deviation σ r , the first baroclinic Rossby radius r c determined from the profile of the squared buoyancy or Brunt-Väisälä frequency N 2 at the central station, and the first baroclinic Rossby radius r N 2 determined from the isobaric mean profile of N 2 from the complete profiles acompanied by the mean depth H and the analogous parameters s, n s , σ s , s c , and s N 2 for the first baroclinic Rossby radii s from the limited profiles of N 2 .
Discussion
The evaluation of the representativeness of the conditions at the central stations for the regional mean conditions depends on the purpose for which they are intended to be used as representative for the regional conditions. This purpose determines the accuracy needed. Basically, there are two classes of such purposes. On the one hand, there are comparative investigations between two or more regions such as a spatial monitoring of the hydrographic conditions in the whole Baltic Sea at one time. For these investigations a lower degree of accuracy in the representativeness of the conditions at the central stations is sufficient because the regional variations can be assumed to be small in relation to the interregional variations. Therefore in these investigations, the conditions at a central station are representative for the corresponding region if they agree with the respective regional mean values within the range of the typical regional variations given by the respective regional standard deviations σ . On the other hand, there are regional investigations covering just one of the regions including time series analysis for example. These investigations need a higher degree of accuracy in the representativeness of the conditions at the central stations because the deviations from the regional mean values have to be small in relation to the variations of the mean values in time. In these investigations the conditions at a central station should agree with the corresponding regional mean values within a range in the order of the uncertainty of the mean values to be representative for the region. The uncertainty of the mean values is estimated by σ/ √ n, i.e. the uncertainty of a single measurement in the estimation of the respective mean values given by the respective regional standard deviations σ reduced by the square root of the respective number n of samples as denominator.
A general evaluation of the representativeness of the conditions at the central stations for the regional mean conditions is not possible because of the different accuracies in the representativeness needed for different purposes. Following the motivation of this work, the representativeness of the conditions at the central stations is evaluated with respect to comparative monitoring purposes of the whole Baltic Sea in this article. For other purposes requiring different accuracies in the representativeness it has to be judged independently if the representativeness of the conditions at the central stations satisfies the needs of the intended investigation. However , Table 10 . The mean first baroclinic Rossby radius r, the corresponding number of samples n r and the respective standard deviation σ r , the first baroclinic Rossby radius r c determined from the profile of the squared buoyancy or Brunt-Väisälä frequency N 2 at the central station, and the first baroclinic Rossby radius r N 2 determined from the isobaric mean profile of N 2 (all from the complete profiles), the mean depth H , and the analogous parameters s, n s , σ s , s c , and s N 2 for the first baroclinic Rossby radii s from the depth limited profiles of N 2 for all data sets.
Region Season
Data set r/km n r σ r /km r c /km r N the results presented in this article are helpful to support such evaluations necessary for other purposes.
Profiles of hydrographic and physical quantities
The Figs. 3 to 6 reveal the differences between the profiles of salinity, potential temperature, and oxygen content at the central station and the corresponding isobaric mean profiles for one summer and one winter stratification situation for each of the four regions under investigation except for the AB for which no data set representing a summer stratification situation is available, see Table 2 . For the winter stratification situation in the AB some discrepancies occur in all profiles in the range of the halocline with respect to the respective standard deviations. Moreover, the general shape of the profiles at the central station differs from that of the corresponding isobaric mean profiles which are more smooth due to the averaging. The same applies for all profiles corresponding to the winter stratification situation in the BB and the SF while all profiles at the central station for the summer stratification situation in the BB are in good agreement with the corresponding isobaric mean profiles in relation to the respective standard deviations. For the summer stratification situation in the SF some discrepancies in the profiles of potential temperature occur in the depth range between the seasonal thermocline and the permanent halocline. The potential temperature profile at the central station reveals some fluctuations in this depth range which are filtered out in the corresponding isobaric mean profile resulting in significant differences both in relation to the respective standard deviations and in shape. The respective profiles of salinity and oxygen content for the summer stratification situation in the SF reveal discrepancies with respect to the respective standard deviations and in shape such as found for the winter stratification situations in the AB, BB, and SF. For the EGB all profiles at the central station match the corresponding isobaric mean profile well in shape over the whole depth range with some minor differences in relation to the respective standard deviations in the depth range over the permanent halocline and below it both for the summer and the winter stratification situation. In the Tables 6 and 7 the vertical root mean squares rms of the deviations of the profiles at the central stations from the corresponding mean profiles and the vertical mean values σ of the isobaric standard deviations are compared for the profiles of salinity, potential temperature, oxygen content, potential density, and squared buoyancy or Brunt-Väisälä frequency for all data sets. While the vertical root mean squares rms characterise the overall deviation of the profiles at the central station from the corresponding isobaric mean profiles, the vertical mean values σ of the isobaric standard deviations give a corresponding measure of the overall variations within the complete data fields. Therefore in a sense a profile at the central station can be assumed to represent the corresponding isobaric mean profile well, if the vertical root mean squares rms for this profile is small compared to the corresponding vertical mean value σ of the respective isobaric standard deviations.
The results given in Table 6 reveal that this condition is meet by most data fields listed there. The data fields from the EGB meet this condition most clearly, in particular the data fields of salinity and, consequently, the data fields of potential density which is mainly determined by salinity in the Baltic Sea. Accordingly, the fewest exceptions are found for the data fields from the EGB, the most for the data fields from the AB. All exceptions belong to data fields representing a winter stratification situation. In spite of the standardised estimates of the isobaric overall deviations and variations the good matches for the data fields from the EGB partly may be attributed to the smaller fraction of the total depth of the profiles covered by the halocline in which the major isobaric variations and, consequently, deviations occur, see Figs. 3 to 6. However, even if the good matches for the data sets from the EGB solely resulted from a smaller fraction of the total depth covered by the halocline, this result would be reasonable because the profiles at the central station in the EGB would be more representative for a larger depth fraction of the profiles and, consequently, would have a better overall match than the profiles from the central stations in the other regions.
For all data fields of the squared buoyancy or BruntVäisälä frequency presented in Table 7 the vertical root mean squares rms for the profil at the central station is smaller than the corresponding vertical mean value σ of the isobaric standard deviations by about three orders of magnitude. Therefore the condition of small vertical root mean squares rms for the profil at the central station compared to the corresponding vertical mean value σ of the isobaric standard deviations is meet by the data fields of the squared buoyancy or BruntVäisälä frequency N 2 most clearly. The smoothing of the profiles of N 2 within their calculation due to the estimation of the derivation d pot /dz can not be assumed to cause these good matches. The according minimal noise reduction necessary to get realistic profiles of N 2 can not be expected to change the order of magnitude of the isobaric standard deviations or the deviations between the profiles at the central stations and the corresponding isobaric mean profiles of N 2 . The large vertical mean values σ of the isobaric standard deviations may be attributed to large scale inclinations of the seasonal thermocline and the permanent halocline resulting in large isobaric variations of the squared buoyancy or BruntVäisälä frequency.
Parameters of the permanent halocline
The depth d of the permanent halocline, its upper and lower boundaries u and l, respectively, and its thickness d=l−u were determined from the salinity profile at each station and from the corresponding isobaric mean profile for each data set. The results in Tables 8 and 9 reveal a satisfactory agreement of the result for each halocline parameter determined from the salinity profile at the central station, the respective result determined from the isobaric mean profile of salinity, and the respective mean value over all stations with respect to the respective standard deviation for most data sets. The most significant differences are found in a data field from the SF representing a winter stratification situation for the depth of the halocline and its boundaries and in a data field from the EGB representing a summer stratification situation for the halocline thickness. In spite of this, the overall agreement of the various halocline parameters is the best for the EGB as can be assumed from the discussion in Sect. 4.1.
The worst overall agreement of the various halocline parameters is found in the SF according to the numerous significant differences in the corresponding data fields, although the standard deviations of all halocline parameters other than the halocline thickness d are twice and more times larger for the data sets from the SF than for the data sets from the other regions. In general, the results for the boundaries of the halocline and, consequently, for its thickness determined from the salinity profile at the central station match the respective mean values somewhat better with respect to the respective standard deviations than the respective results determined from the isobaric mean profiles of salinity due to the smearing of a large scale inclined halocline caused by the isobaric spatial averaging.
First baroclinic Rossby radii
The first baroclinic Rossby radii r and s were calculated from the profiles of the squared buoyancy or Brunt-Väisälä frequency at each station and from the corresponding isobaric mean profile for each data set. While the whole depth range covered by the profiles was considered for the calculations of the first baroclinic Rossby radii r, only the depth range from the surface to the mean depth H of all profiles in each data set was taken into account for the corresponding calculations of the first baroclinic Rossby radii s. Therefore the first baroclinic Rossby radii s could have been calculated only for profiles reaching at least as deep as the mean depth H for the corresponding data set. The results in Table 10 reveal a satisfactory agreement between the first baroclinic Rossby radii r calculated from the profile of squared buoyancy or Brunt-Väisälä frequency at the central station and those calculated from the corresponding isobaric mean profile for all data sets. However, they reveal significant differences between each of both and the corresponding mean value of the first baroclinic Rossby radii r over each data set in relation to the respective standard deviations for most data sets. The discrepancies are most striking for the data sets from the SF. Obviously, the reason for these differences is the dependence of the resulting first baroclinic Rossby radii on the considered depth H which varies considerably within each data set for the first baroclinic Rossby radii r, since the whole depth range covered by each profile is taken into account in the corresponding calculation. The dependence of the resulting first baroclinic Rossby radii r bc on the considered depth H is illustrated in Fig. 7 for the profile of the squared buoyancy or Brunt-Väisälä frequency at the central station and the corresponding isobaric mean profile of the data set MD-07 representing a summer stratification situation in the EGB. Additionally, the resulting first baroclinic Rossby radii r are plotted which were calculated from the corresponding complete profile reaching to the depth H at each station. The Fig. 7 suggests that the results given in Table 10 concerning the first baroclinic Rossby radii r calculated from the complete profiles are reasonable in spite of the significant differences found between the mean values of the first baroclinic Rossby radii r and those calculated from the corresponding profile of squared buoyancy or Brunt-Väisälä frequency at the central station or the corresponding isobaric mean profile.
In contrast to the first baroclinic Rossby radii r, the first baroclinic Rossby radii s are calculated from the profiles of the squared buoyancy or Brunt-Väisälä frequency taking into account the same depth range for all profiles which is chosen to the depth range from the surface to the mean depth H of all profiles in each data set. Therefore no differences of the calculated first baroclinic Rossby radii s can result from different depth ranges considered for single profiles. Consequently, the results given in Table 10 for the first baroclinic Rossby radii s reveal a high degree of agreement between all the first baroclinic Rossby radii s calculated from the profile of the squared buoyancy or Brunt-Väisälä frequency at the central station, those calculated from the corresponding isobaric mean profile, and the corresponding mean value of the first baroclinic Rossby radii s over each data set in relation to the respective standard deviations for all data sets. The only two exceptions occur for the first baroclinic Rossby radii s calculated from the profile of squared buoyancy or Brunt-Väisälä frequency at the central station of the two data sets representing a winter stratification situation, one from the AB and one from the BB. Remarkably, all of the three first baroclinic Rossby radii s given in Table 10 for each data set also match the mean value of the corresponding first baroclinic Rossby radii r calculated from the complete profiles of squared buoyancy or Brunt-Väisälä frequency quiet well for all data sets.
Conclusions
Although some discrepancies between the profiles at the central stations and the corresponding isobaric mean profiles exist, the profiles of salinity, potential temperature, oxygen content, potential density, and squared buoyancy or BruntVäisälä frequency at the central station match the corresponding isobaric mean profiles in a satisfactory way with respect to the respective standard deviations. The best matches are found for the squared buoyancy or Brunt-Väisälä frequency which may be attributed to large scale inclinations of the seasonal thermocline and the permanent halocline resulting in large isobaric variations of the squared buoyancy or Brunt-Väisälä frequency. With respect to the regions the best agreements are found in the EGB, the worst in the AB. Furthermore, the best agreements in the EGB are found for salinity irrespectively of the stratification situation and, consequently, for potential density which is mainly determined by salinity in the Baltic Sea. The worst matches in the AB are also revealed for salinity and potential density.
The depth, thickness, upper, and lower boundaries of the permanent halocline are represented well by the salinity pro- Dependence of the resulting first baroclinic Rossby radii r bc on the considered depth H for the profile of the squared buoyancy or Brunt-Väisälä frequency at the central station and the corresponding isobaric mean profile of the data set MD-07 representing a summer stratification situation in the EGB and the resulting first baroclinic Rossby radii r calculated from the corresonding complete profile reaching to the depth H at each station.
files at the central stations compared to both the respective parameters determined from the isobaric mean profiles of salinity and the respective mean values of the parameters determined at each station in the data field. This result is according to the results for the salinity profiles and applies for all of the four regions and both summer and winter stratification situations.
The first baroclinic Rossby radii calculated from the profil of squared buoyancy or Brunt-Väisälä frequency at the central station are in good agreement with the first baroclinic Rossby radii calculated from the corresponding isobaric mean profile and the mean value of the first baroclinic Rossby radii calculated from the corresponding profiles at each station in the region, if the depth range taken into account for the calculations ranges from the surface to the mean depth of the region. This applies for all of the four regions and both summer and winter stratification situations. Moreover, the first baroclinic Rossby radii calculated from the depth limited profil of squared buoyancy or Brunt-Väisälä frequency at the central station match the mean values of the first baroclinic Rossby radii calculated from the corresponding complete profiles at all stations in the region fairly well in all cases investigated.
Overall, the regional characteristics of the investigated quantities and parameters are represented well by the hydrographic measurements at the central stations in the four regions of the Baltic Sea considered in this work. In particular, the observations at the central stations of the AB, BB, SF, and EGB seem to be usefull for comparisons between these regions in spite of the occuring differences between the spatial mean states and the observations at the central stations. However, it is emphasised again that the representativeness of the conditions at the central stations for the regional mean conditions is evaluated with respect to comparative monitoring purposes of the whole Baltic Sea in this article. Other purposes such as regional studies covering just one of the regions require different accuracies in the representativeness and, consequently, this evaluation may be invalid for other purposes. Therefore the required accuracy in the representativeness has to be determined for each purpose separately and the results presented in this article may be used to evaluate the representativeness of the conditions at the central stations according to the needs of the intended investigation.
